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(71) We, JAPAN SYNTHETIC 
RUBBER CO. LIMITED, a Corporation 
organized and existing under the laws of 
Japan, of 1, Kyobashi- 1-chome, . Chuo-ku, 
5 Tokyo, Japan, do hereby declare the invention, 
fox which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

10 This invention relates to a gypsum composi- 
tion and, more particularly, to an improve- 
ment in water resistance and surface hardness 
of a gypsum composiuon comprising gypsum 
and polyvinyl alcohol (hereinafter referred to 

15 as PVA) or comprising gypsum, PVA, and a 
thermosetting resin. 

In recent years, molded articles of gypsum, 
particularly gypsum board and the like, manu- 
factured by hardening of gypsum have been 

20 in increased demand as building materials 
because of their superiority in flame resistance, 
sound absorption, heat insulation, dimensional 
stability, and processability. On the other 
hand, however, insufficient surface hardness 

25 and inferior water resistance have restricted the 
use of gypsum products. 

Many attempts have long been made to 
make gypsum lighter in weight or higher 
in strength by addition of high molecular 

30 weight compounds of fibrous materials. It 



advantages and, as a result, have found that 
a gypsum composition having an increased 
strength and improved water resistance can 45 
be obtained, without losing the merits of add- 
ing PVA, by crosslinking the PVA within the 
gypsum with the aid of a metal compound. 

Thus, the present invention consists in an 
aqueous slurry comprising calcined gypsum, 50 
a polyvinyl alcohol and an aqueous solution 
of a metal compound other than calcium sul- 
phate, in which the metal is from Group 
lb, II, Ilia, IV, Vb, VIb, Vllb or VIII of 
the Periodic -Table of Elements. 55 

The Periodic Table of the Elements referred 
to herein is that appearing in the "Handbook 
of Chemistry and Physics" 51st Edition, pub- 
lished by The Chemical Rubber Co., Ohio, 
U.S.A. As is conventional in this art, the 60 
term "metal" is used herein to include the 
metalloids, such as silicon. 

We have also discovered that, by using, in 
addition to PVA, a thermosetting resin, such 
as a melamine- formaldehyde resin or urea- 65 
formaldehyde resin and crosslinking the same, 
together with the PVA, with the aid of the 
metal compound, it is possible further to 
improve the strength and water resistance of 
the moulded gypsum products, even when the 70 
thermosetting resin and the PVA are added 
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(71) We, JAPAN SYNTHETIC 
RUBBER CO. LIMITED, a Corporation 
organized and existing under the laws of 
Japan, of 1, Kyobashi- 1 - chome, Chuo-ku, 
Tokyo, Japan, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

This invention relates to a gypsum composi- 
tion and, more particularly, to an improve- 
ment in water resistance and surface hardness 
of a gypsum composition comprising gypsum 
and polyvinyl alcohol (hereinafter referred to 
as PVA) or comprising gypsum, PVA, and a 
thermosetting resin. 

In recent years, molded articles of gypsum, 
particularly gypsum board and the like, manu- 
factured by hardening of gypsum have been 
in increased demand as building materials 
because of their superiority in flame resistance, 
sound absorption, heat insulation, dimensional 
stability, and processability. On the other 
hand, however, ^sufficient surface hardness 
and inferior water resistance have restricted the 
use of gypsum products. 

Many attempts have long been made to 
make gypsum lighter in weight or higher 
in strength by addition of high molecular 
weight compounds of fibrous materials. It 
is known, for example, that, when calcined 
gypsum is hardened with an aqueous solution 
of PVA added thereto as hydra ting solution, 
the dispersion of PVA is good and the hard- 
ened product is improved to some degree in 
surface hardness and in strength, owing to 
the good film-forming ability of PVA (French 
Patent No. 1,013,252). The product, how- 
ever, has disadvantages in that water resistance 
is too low and surface hardness is still in- 
sufficient for practical use. The present inven- 
tors have made an effort to overcome such dis- 



advantages and, as a result, have found that 
a gypsum composition having an increased 
strength and improved water resistance can 45 
be obtained, without losing the merits of add- 
ing PVA, by crosslinking the PVA within the 
gypsum with the aid of a metal compound. 

Thus, the present invention consists in an 
aqueous slurry comprising calcined gypsum, 50 
a polyvinyl alcohol and an aqueous solution 
of a metal compound other than calcium sul- 
phate, in which the metal is from Group 
lb, II, Ilia, IV, Vb, VIb, Vllb or VIII of 
the Periodic Table of Elements. 55 

The Periodic Table of the Elements referred 
to herein is that appearing in the "Handbook 
of Chemistry and Physics" 51st Edition, pub- 
lished by The Chemical Rubber Co., Ohio, 
U.S.A. As is conventional in this an, the 60 
term "metal" is used herein to include the 
metalloids, such as silicon. 

We have also discovered that, by using, in 
addition to PVA, a thermosetting resin, such 
as a mdamine-formaldehyde resin or urea- 65 
formaldehyde resin and crosslinking the same, 
together with the PVA, with the aid of the 
metal compound, it is possible further to 
improve the strength and water resistance of 
the moulded gypsum products, even when the 70 
thermosetting resin and the PVA are added 
in small amounts. In particular, on immersing 
the moulded gypsum products in water, swell- 
ing is no longer observed and the surface hard- 
ness is much improved. • 75 

The term "polyvinyl alcohol" as used here- 
in means a polymer containing vinyl alcohol 
units in its molecule. Preferably, the polymer 
contains 50 mole % or more of vinyl alcohol 
units in its molecule. The polymers thus in- 80 
elude homopolymers, copolymers and graft 
copolymers. Specific examples of polyvinyl 
alcohols include: saponification products «f 
polyvinyl esters, such as polyvinyl acetate. 
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formate and propionate, having a degree of 
saponification of at least 50 mole %; saponi- 
fication products of copolymers of vinyl for- 
ate, acetate or vinyl propionate and a vinyl 
5 monomer copolymerizable therewith, such as 
acrylonitrile, acrylic add, maleic anhydride, 
methyl methacryiate, 2 - hydroxyethyl acryl- 
ate or glycidyl methacryiate, having a saponi- 
fication degree of at least 50 mole %; acetal- 

10 ized saponification products of polyvinyl acet- 
ate, formate or propionate, having a degree of 
saponification of at least 50 mole %, the degree 
of acetalization off which is up to 15 mole 
percent; and graft-polymers of a vinylic or 

15 conjugated diene monomer on saponification! 
products of polyvinyl formate, acetate or 
propionate having a degree of saponification 
of at least 50 mole per cent, examples of the 
vinylic or conjugated diene monomers being 

20 acrylonitrile, acrylic acid, methyl methacryiate, 
2 - hydroxyiethyi acryiate, glycidyl meth- 
acryiate and chloroprene, and the amount 
thereof being up to 5 moles per mole of the 
vinyl alcohol unit in the saponification pro- 

i:> duct. The above-mentioned polymers may be 
used alone or in admixture of two or mora 
The term 'Vinylic monomer" as used here- 
in is defined to mean a polymerizable monomer 
upon the degree of polymerization and the 

30 containing ethylenic unsaturation. 

The amount of PVA may vary depending 
upon the degree of polymerization and the 
degree of saponification thereof, and is usually 
from 0.1 to 50 parts by weight, preferably 

33 0.5 to 20 parts by weight, per 100 pants by 
weight of calcined gypsum. 

Suitable thermosetting resins are conden- 
sation products of melamine and formaldehyde, 
those of urea and formaldehyde, those of 

40 phenol, and formaldehyde, those of a guan- 
amine and formaldehyde, and derivatives off 
these condensation products. These resins may 
be used alone or in admixture of two or more* 
A wide range of these resins from prepoly- 

45 mers (i.e. simple addition products of one 
molecule of formaldehyde with one molecule 
of the other reactant to reticular polymers are 
used. The prepolymers are generally employed 
in the form of an aqueous solution, and die 

50 reticular polymers in the form of a suspension 
or emulsion. Although the amount of thermo- 
setting resin used may be varied freely in 
accordance with the properties of the intended 
gypsum composition, it is generally from 0.1 

3D to 50 parts by weight per 100 parts by weight 
of calcined gypsum. 

The metal compounds for use in this in- 
vention which easily form a chelate bond with 
the hydroxyl group in the PVA, may be used 

60 alone or in admixture of two or more, and 
are compounds of metals of Groups lb, II, 
Ilia, IV, Vb, VIb, Vllb, and VIII of the 
Periodic Table. Examples of the metals for 
use are Cu, Ag, and Au from Group lb; 



Be, Mg, Ca, Sr, Ba, Zn, Cd, and Hg from 55 
Group II; Al from Group Ilia; Si, Sn, Pb, 
Ti, and Zr from Group IV; V and Nb from 
Group Vb; Cr, Mo, and W from Group VIb; 
Mn from Group Vllb; and Fe, Co, and Ni 
from Group VIII. Among these metals, Cu, 70 
Ca, Zn, Al, Si, Sn> Ti, Cr, Mo, Mn, Fe, Ni, 
Mg, V and Zr are preferably used in this 
invention. In view of pollution and color of 
the composition, Ca,, Si, Ti, Mg and Al are 
most preferable. Suitable compounds of these 75 
metals include sulfates, nitrates, carbonates, 
acetates, halides, hydroxides and oxides. Ex- 
amples of individual compounds are copper 
acetate, copper nitrate, copper sulfate, copper 
bromide, copper iodide, magnesium iodide, 80 
calcium acetate, strontium nitrate, barium ox- 
ide, zinc chloride, zinc acetate, cadmium 
fluoride, mercuric acetate, aluminum chloride, 
aluminum sulfate, silicon dioxide, stannous 
chloride, stannic chloride, stannous sulfate, lead 85 
acetate, titanium sulfate, titanium hydroxide, 
zirconium oxychloride, vanadium trichloride, 
vanadium pentoxide, niobium chloride, chro- 
mous chloride, potassium bichromate, molyb- 
denum oxide, tungstic acid, manganese chlor- qq 
ide, manganese dioxide, manganese acetate, 
ferrous chloride, ferric chloride, ferric nitrate, 
cobaltous sulfate, cobalt acetate, nickel 
chloride, and nickel acetate. Calcium acetate, 
magnesium iodide, aluminum chloride, alum- 95 
inum sulfate, silicon dioxide, and titanium 
sulfate are particularly preferred. 

When the metal compound itself is not 
water-soluble, it must be made water-soluble, 
e.g» by the addition of an inorganic acid such «qq 
as hydrogen halide, sulfuric acid, or nitric acid; 
an organic acid such as a carboxylic acid, for 
example, formic acid, or chloroacetic add, or 
an organic sulfonic acid, for example, ben- 
zenesulfonic acid or p - toluenesulfonic acid; 1Q5 
or an amine such as ammonia, pyridine or an 
alkyl derivative thereof, pyrrole or an alkyi 
derivative thereof, triemylenediamine, di- 
memylamine, or diethylamine. The above- 
mentioned metal compounds easily form a HO 
chelate with the hydroxyl group in the PVA, 
and crosslink the PVA and the thermosetting 
resin to cure the resins. 

Acids act, in mosts cases, to adjust the 
start and the rate of the crosslinking reaction 115 
of PVA with a metal compound. Amines are 
oxyrdinated with the metal to enhance the 
solubility of the metal compound in water. 
Therefore, the time required for crosslinking 
can be controlled by the quantity of an acid 120 
or amine added. 

The amount of the metal compound neces- 
sary to manifest effectively the said action in 
the composition of this invention is wimin 
the range of 0.001 to 1 mole, preferably 0.004 125 
to 0.1 mole per mole of hydroxy groups in 
PV^. 

Tlse amount of water added may be the 
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same as is used in producing an ordinary cast 
gypsum, that is, from 50 to 120 parts by 
weight per 100 parts by weight of calcined 
gypsum. The amount of PVA which can be 
5 added varies depending on the amount of 
water added. 

A gypsum composition which has excellent 
strength, improved surface hardness, and re- 
sistance to penetration of water can be obtained 
10 by adding an aqueous solution of at least one 
compound of the metals specified (said 
aqueous solution may be either acidic or alka- 
line) together with calcined gypsum to an 
aqueous -solution, suspension or emulsion of 
15 PVA or a mixed aqueous solution* suspension, 
or emulsion of PVA and a thermosetting resin, 
or, alternatively, adding calcined gypsum to a 
mixture of said liquid components, to form a 
viscous slurry and pouring the slurry into a 
20 desired mold to allow the slurry to solidify 
into a molded article. When the thermosetting 
resin is used, there is obtained a molded article 
excellent particularly in wet strength and wet 
hardness when immersed in water. 
25 Polymer latexes, such as SBR latex, NBR 
(acrylomtrik-butadiene rubber) latex, natural 
rubber latex, polyvinyl acetate latex, 
ethylene - vinyl acetate copolymer latex, poly- 
vinyl chloride latex, polystyrene latex, their 
30 carboxyl^ntaining polymer latexes, (Le. 
latexes which have been modified, e.g. by emul- 
sion copolymerization of the ktex-fonning 
monomer or monomers with a carboxyl grouu- 
contaimng monomer, to contain carboxyl 
35 groups), may be added alone or in admixture 
of two or more to the aqueous slurry of this 
invention to improve compressive strength, 
and nail- and wood screw-holdaJbflity. The 
amount thereof is preferably from 0.1 to 50 
40 parts by weight, more preferably from 0.5 to 
20 parts by weight, per 100 parts by weight of 
the calcined gypsum. 

By adding to the aqueous slurry of this 
invention! synthetic fibers such as rayon, 
45 Vinyfon (Registered Trade Marie), nylon^ and 
polypropylene, natural fibers or cellulose such 
as cotton and pulp, or mineral fibers such' as 
glass and asbestos, it is possible to improve 
further the flexural strength and impact resis- 
50 tance of the composition and to obtain a 
foamed and light-weight product thereof with- 
out detracting from the merits of this inven- 
tion. These fibrous materials give a Ttmfonum 
strength when added in an amount of from 
55 0.5 to 10, preferably from 1 to 5, parts by 
weight per 100 parts by weight of calcined 
gypsum. 

Density reduction of the gypsum compo- 
sition can be effected either by foaming of 
60 PVA itself, or by addition of densitynreducing 
materials such as foamed polystyrene beads, 
"Shirasu" balloon, perlite and wood flour. 
Addition of "Shirasu", glass powder, clay or 



PVA powder increases the strength of the 
composition. Other materials such as other 55 
filler may be added without reducing the 
strength of the composition. By incorporation 
of pigments or dyes, the gypsum composition 
of this invention becomes usable as decorative 
materials. The amount of ihe density^ducing 
material or filler added is from 0.5 to 200, 
preferably from 1 to 100, parts by weight per 
100 parts by weight of calcined gypsum. 

Shirasu is a volcanic ejecta consisting essen- 
tially of volcanic glass and having the chemi- 75 
cal composition: Si0 2 65—73% by weight; 
A1 2 0 3 12— 18% by weight; and K*0 5— 7% 
by weight. The mineral content and particle 
size depend upon the place from which it 
was obtained. Shirasu balloon is a balloon 80 
obtained by melting the Shirasu and expanding 
the melt. 

The gypsum composition of this invention 
may be used as a building material and a 
decorative material. When used in the form of 85 
a so-called gypsum board as a ceiling board 
or a wall board for the purposes of sound 
absorption and fire-proofing, the shaped 
articles obtained from the composition of this 
invention have the advantage that they need 90 
not be overlayed wiih paper on either side, as 
with conventional gypsum boards, and can be 
used as produced. 

Hie invention is further illustrated below 
in detail with reference to Examples, but the 95 
invention should not be understood to be 
limited to the Examples, 

In the Examples, the testing of physical 
properties of the gypsum composition was 
carried out in the following way: A test 100 
specimen was prepared by drying a solidified 
shaped article in an air stream at 60°C for 
48 hours, and then keeping the dried article 
at 20°C and 45 to 55% relative humidity 
for 2 days or more. The testing for flexural 1Q5 
strength, and compressive strength was carried 
out according to JIS R 5201. Izod impact 
strength was tested on a test piece of 1.27 x 
1.27x6.35 cm (unnotched). Following the 
procedure of JIS-K 5401, pencil hardness was 1 10 
expressed as the minimum hardness of a pencil 
which can scrape off the surface of the gypsum 
composition. The testing was conducted with 
pencils of 9H to 6B by use of a pencil scratch 
tester ("9H" shows the maximum hardness 115 
and "6B" the minimum hardness on a scale 
casting of: 9H, 8H, 7H, 6H, 5H, 4H, 3H, 
2H, H, F, HB, B, 2B, 3B, 4B, 5B, 6B). 
Example 1. 

In 500 cc of water were dissolved 10 g of 120 
a 100%-saponfied PVA having a degree of 
polymerization of 1,500 and 2.27 g of cupric 
acetate. The ratio of copper atoms to vinyl 
alcohol units (hereinafter expressed as Cu/ 
OH) was 1/20. To the resulting solution was 125 
added 1,000 g of calcined gypsum and the 
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mixture was stirred to form a viscous slurry 
which was then cast to prepare a gypsum com- 
position (this formulation is expressed as cal- 
cined gypsum : water : PVA : Cu/OH = 

5 100 ; 60 : 1 : 1/20; similar expression shall 
apply hereinafter). Similarly, a number of 
gypsum compositions were prepared with the 
following combination of formulations : cal- 
cined gypsum : water : PVA : Cu/OH = 

10 100 : 60, 80, or 100 : 1, 3, or 5 : 1/20, 1/50 
or 1/100 (Table 1, Run Nos. 13 to 39). 
Runs Nos. 1 to 3 are Comparative Examples 
in which only gysum was used, and Run Nos. 
4 to 12 are Comparative Examples in which 

15 only gypsum-PVA was used. The results of 



tests on physical properties of the above gyp- 
sum compositions were as shown in Table 1. 

In Tables 2 and 3 are shown the results of 
tests conducted on the above gypsum com- 
positions which had been immersed in water 20 
at 20°C. for 24 hours and then dried in an 
air stream at 60°C for 48 hours, and on wet 
gypsum compositions after immersion in water 
(20°C.) for 2 hours, respectively. 

From these physical characteristics, it is 25 
seen that as compared with gypsum or 
gypsum-PVA alone, the gypsum-PVA-metal 
compound systems of this invention are far 
superior in surface hardness and wet strength 
(see Tables 1, 2, and 3). " 30 
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From Table 5, it is seen that the greater 
degree of polymerization and degree of 
saponification of PVA, the higher the strength 
and surface hardness of The gypsum com- 
5 position become. 

Example 4. 
Following the procedure of Example 1 
and using PVA having a degree of polymeri- 
zation of 1,500 and a degree of saponification 
10 of 100%, gypsum compositions were pre- 
pared by molding a slurry of the fallowing 
formulation which had been filled with 1, 
3 or 5 PHG of glass fiber, 8 mm in length 
and 10 urn in diameter (Run Nos. 52 to 



54), Vinylon fiber, 5 mm in length and 0.25 15 
ton in diameter (Run Nos. 55 to 57), ot 
polypropylene fiber, 3 mm in length and 0.25 
urn in diameter (Runs Nos. 58 to 60) cal- 
cined gypsum : water : PVA : CuOH = 
100 : 100 : 3 : 1/50. 20 

In a similar manner, gypsum compositions 
were prepared from a slurry of the same for- 
mulation which had been filled with 5, 10, 
30, or 50 PHG of "Shirasu", 24 mesh (U.S. 
Standard) or smaller size (Run Nos. 61 to 25 
64; Comparative Examples 65 66). Physical 
properties of the above compositions were as 
shown in Table 6. Similar merits to those 
mentioned in Example 1 were found. 
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It is seen that when filled whh fibers, the 
composition is improved in flexural strength 
and impact resistance and that an effect of 
the addition of copper acetate is recognizable 
5 in surface hardness while the tendency of the 
water resistance was similar to that in Ex- 
ample 1. 

Example 5. 

a) Following the procedure in Example 1 
10 and using PVA having a degree of polymeri- 
zation of 1,500 and a degree of saponification 
of 100% and molybdenum oxide dissolved in 
30% -aqueous ammonia, gypsum compositions 
of the following formulations were prepared; 

15 calcined gypsum : water : PVA : Mo/OH : 
30%~aqueous ammonia = 100 : 60 or 100 : 
3 or 1 : 1/100 or 1/50 : 10 (Runs Nos. 
67 to 70). 

b) In a similar manner and using a 35%- 
20 aqueous solution of titanium sulfate, gypsum 

compositions of the following formulations 
were prepared : calcined gypsum : water : 
PVA : Ti/OH = 100 : 60, 80, 100 : 1 
or 3 : ! 1/50 (Run Nos." 7f to 75). 



c) In a similar manner and using an 25 
aqueous solution of titanium sulfate admixed 
with concentrated hydrochloric add> gypsum 
compositions of the following formulations 
were prepared: calcined gypsum : water : 
PVA : Ti/OH : concentrated hydrochloric 30 
acid = 100, : 60, 80, or 100 : 3 : 1/50 : 

0.5 to 0.1 (Run Nos. 76 to 78). 

d) In a similar manner and using an 
aqueous solution of zinc acetate admixed 
with triethylenediamine, gypsum compositions 35 
of the following formulations were prepared: 
calcined gypsum : water : PVA : Zn/OH : 
triemylenediamine = 100 : 60, 80 or 100 : 

1 : 1/150 : 0.001 (Runs Nos. 79 to 81). 

e) In a similar manner and using potas- 40 
shim bichromate, gypsum compositions of the 
following formulations were prepared: cal- 
cined gypsum : water : PVA : Cr/OH = 

100 : 60 : 1 or 3 : 1/50 (Run Nos. 82 and 
93). 45 

Physical properties of the gypsum compo- 
sitions a) to e) were as shown an Table 7. 
Effects similar to those mentioned in Ex- 
ample 1 were observed. 
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From Table 8 it is seen that with the addi- 
tion of an aqueous solution of compounds of 
metals of Group Ha, Ilia, IVa, Vb, and Vllb 
the surface hardness becomes higher and the 
5 water resistance shows a tendency similar to 
that mentioned in Example 1. 

Example 7. 
In 500 ml of water were dissolved 10 g 
of PVA having a degree of polymerization of 

10 about 1,500 and a degree of saponification 
of about 86% and 5 g (solids) of a melamune- 
formaldehyde pre-condensation product (syn- 
thesized by suspending meiamine in formalin 
in a ratio of 3 moles of formaldehyde per 

15 mole of meiamine and heating at 80° C. for 
20 minutes). To the resulting solution was 
added 0.454 g of cupric acetate (correspond- 
ing to Cu/OH = 1/100) and uniformly dis- 
solved. The resulting solution was admixed 

20 w ith 500 g of calcined gypsum, stirred for 2 
minutes by means of a mixer, poured into a 
mold, and allowed to harden. In Table 9 are 
shown properties of the hardened article 
which had been dried at 60° Q for 48 hours. 

25 Example 8. 

In 500 ml of water were dissolved 10 g 
of me PVA used in Example 7 and 5 g 
(solids) of a meiamine - formaldehyde resin 
emulsion (prepared by suspending meiamine 

30 in formalin in a ratio of 3 moles of form- 
aldehyde per mole of meiamine and heating at 
80°C for 1 hour). To the resulting solution 
were added 11 ml of a 5%-aqueous solution 
of titanium sulfate (corresponding to Ti/ 

35 OH= 1/100) and 500 g of calcined gypsum. 
A molded article was obtained from the mix- 
ture according to the procedure mentioned in 
Example 7. In Table 9 are shown properties 
of the molded article. 

40 Example 9. 

In 500 ml of water were dissolved 10 g 



of PVA and 5 g (solids) of a water-soluble 
urea - formaldehyde resin (synthesized from 
a mixture of 1 mole of urea and 1.6 mole of 
formaldehyde, which had been adjusted to a 45 
pH of 7 with sodium hydroxide, by heating at 
100°G for 45 minutes). To the resulting 
solution were added 11 ml of a 5%-aqueous 
solution of titanium sulfate and 500 g of 
calcined gypsum. A molded article was ob- 50 
tained from the mixture in a manner similar 
to that in Example 7. In TaiWe 9 are shown 
properties of the molded article. 

Example 10. . 
The same composition as in Example 7 55 
was admixed with 15 g of glass fiber and a 
moulded article was obtained from the mix- 
ture. In Table 9 are shown properties of the 
molded article. 

Example 11. 60 
Hie same composition as in Example 7 
was admixed with 5 g of foamed polystyrene 
beads and a molded article was obtained from 
the mixture. In Table 9 are shown properties 
of the molded article. 65 

Example 12. 
In a manner similar to that in Example 7, 
a gypsum molded article was prepared- from 
15 g of PVA, 0.545 g of cupric acetate, 500 
g of calcined gypsum, and 500 ml of water. 79 
The test results of properties of the article 
were as shown in Table 9. 

Referential Example 1. 
In a manner similar to that in Example 7, 
a gypsum molded article was prepared from 75 
10 g of PVA, 5 g of mdaminesformaldehyde 
resin ("Sumirez Resin 613", produced by 
Sumitomo Qiemical Co.), 500 g of calcined 
gypsum, and 500 ml of water. The test results 
of properties of the article were as shown in «n 
Table 9. 
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In Examples 13 and 15, it was found that 
the nail- and wood screw-holdability was 
improved, 

WHAT WE CLAIM IS:— 
5 1. An aqueous slurry comprising calcined 
gypsum, a polyvinyl alcohol and an aqueous 
solution of a metal compound other than 
calcium sulphate, in which the metal is from 

m Sj?y p A IIIa > ^ ^ ^ Vlft or 
10 VIII of the Periodic Table of the Hements. 

2. An aqueous slurry according to claim 
1, in which the amount of water in said 
aqueous slurry is from 50 to 120 parts by 
weight per 100 parts by weight of said cal- 

13 cined gypsum. 

3. An aqueous slurry according to claim 1 
or claim 2, in which said metal is copper, 
zinc, tin, chromium, molybdenum, manganese, 

2q iron, nickel, vanadium or zirconium. 

4. An aqueous slurry according to claim 1 
or claim 2, in which said metal is calcium, 
silicon, titanium, magnesium or aluminium. 

5. An aqueous slurry according to claim 1 
or claim 2, in which said metal compound is 

25 a sulphate, a nitrate, a carbonate, an acetate,, 
a halide, a hydroxide or an oxide. 

6. An aqueous slurry according to any one 
of the preceding claims, additionally com- 
prising an acid or an amine. 

30 7. An aqueous slurry according to claim 
6, in which said amine is ammonia, pyridine, 
pyrrole, txiethylenediamine, dimethylamine or 
cUemylamine. 

8. An aqueous slurry according to any one 
35 of the preceding dates, additionally com- 
prising from 0.5 to 200 parts by weight per 
100 parte by weight of said calcined gypsum 
of a filler. "* 

9. An aqueous slurry according to any one 
*® of the preceding claims, in which the amount 

of said metal compound is from 0.001 to 1 
mole per mole of hydroxy! groups of said 
polyvinyl alcohol. 

10. An aqueous slurry according to claim 
45 9, in which the amount of said metal com- 
pound is from 0.004 to 0.1 mole per male of 
hydroxyl groups of said polyvinyl alcohoL 

11. An aqueous slurry according to any one 
- 0 of the preceding claims, additionally con- 

u mining a synthetic fibre, a natural fibre, cellu- 
lose or an inorganic fibre. 

12. An aqueous slurry according to date 
11, in which the amount of said fibre is from 
0.5 to 10 parts by weight per 100 parts by 

55 weight of said calcined gypsum. 

13. An aqueous slurry according to any one 
of the preceding elates, in which the amount 
of polyvinyl alcohol is from 0.1 to 50 parts 
by weight per 100 parts by weight of said 

60 calcined gypsum. 

14. An aqueous slurry according to any one 
of the preceding dates, additionally compris- 
ing a thermosetting resin. 



15. An aqueous slurry according to claim 

14, in which the amount of said thermoset- A c 
ting resin is from 0.1 to 50 parts by weight 
per 100 parts by weight of said calcined 
gypsum. 

16. An aqueous slurry according to date 

14 or 15, in which said thermosetting resin jq 
is a condensation product of mekmine arid 
formaldehyde, a condensation product of a 
urea and formaldehyde, a condensation pro- 
duct of a phenol and formaldehyde, a con- 
densation product of a guanamine and form- 75 
aldehyde, or a derivative thereof. 

17. An aqueous slurry according to any one 
of the preceding claims, in which said metal 
compound is copper acetate, copper nitrate, 
copper sulfate, copper bromide, copper iodide, 80 
strontium nitrate, barium oxide, zinc acetate, 
zinc chloride, cadmium fluoride, mercuric 
acetate, stannous chloride, stannic chloride, 
stannous sulfate, lead acetate, titanium 
hydroxide, zirconium oxychloride, vanadium 
trichloride, vanadium pentoxide, niobium 
chloride, chromous chloride, potassium di- 
chromate, molybdenum oxide, tungstic add, 
manganese chloride, manganese dioxide, man- 
ganese acetate, ferrous chloride, ferric chlor- 90 
ide, ferric nitrate, cobaltous sulfate, cobalt 
acetate, nickd chloride, or nickel acetate. 

18. An aqueous slurry according to any 
one of claims 1 to 16, in which said metal 
compound is caldum acetate, silicon dioxide, 95 
titanium sulfate, aluminum chloride, alum- 
num sulfate or magnesium iodide. 

19. An aqueous slurry according to any 
one of the preceding dates, in which said 
polyvinyl alcohol is: a saponification pro- inn 
.duct of polyvinyl formate, polyvinyl acetate 

or polyvinyl propionate; a saponification pro- 
duct of a copolymer of vinyl formate, vinyl 
acetate or vinyl propionate and a vinylic 
monomer copolymerizable therewith; an acet- 105 
ahzed saponification product of polyvinyl 
formate, polyvinyl acetate or polyvinyl prop- 
ionate, the degree of actualization being up 
to 15 mol %; or a gra*t copolymer of a 
vinylic : or conjugated diene monomer on a tin 
saponification product of polyvinyl formate, 
polyvinyl acetate or polyvinyl propionate, 
the proportion of said vinylic or conjugated 
diene monomer being up to 5 moles per 1 
vinyl alcohol unit in the saponification pro- 115 
duct; or a mixture of two or more thereof, 
said saponification products having a degree 
of saponification of at least 50 mol %. 

20. An aqueous slurry according to claim 

19, in which said copolymer is a copolymer of 120 
vinyl formate, vinyl acetate or vinyl prop- 
ionate with acrylonitrile, acrylic add, maleic 
anhydride, methyl methacrylate, 2-hydroxy- 
ethyl acrylate or glyddyl methacrylate. 

21. An aqueous slurry according to date 125 
18, in which said graft copolymer is of 
acrylonitrile, acrylic add, methyl methacryl- 
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ate, 2 - hydroxyethyl acrylate, glycidyl metfa- 
acrylate or chloroprene on the saponification 
product of polyvinyl formate, polyvinyl acet- 
ate or polyvinyl propionate. 
5 22. An aqueous slurry according to claim 
6, in which said acid is a hydrogen halide, 
sulphuric acid, nitric acid, formic acid, cMoro- 
acetic acid, benzenesuliphonic acid or p- 
toluene - sulphonic acid. 

10 23. An aqueous slurry according to any 
one of the preceding claims, additionally com- 
prising from 0.5 to 200 pans by weight, per 
100 parts by weigjit of said calcined gypsum, 
of foamed polystyrene beads, "Shirasu" 

15 balloon, perlite, or wood flour. 

24. An aqueous slurry according to claim 
8, in winch said filler is "Shirasu", powdered 
glass, clay or powdered polyvinyl alcohol. 

25. An aqueous slurry according to any one 
20 of the preceding claims, additionally com- 
prising from 0.1 to 50 parts by weight per 
100 parts by weight of said calcined gypsum, 
of an SBR latex, NBR latex, natural rubber 
latex, polyvinyl acetate latex, etnyienevinyi 



acetate copolymer latex, polyvinyl chloride 25 
latex, pdystyi&ne latex or their carboxyl- 
containing polymer latices. 

26. An aqueous slurry according to claim 
1, substantially as hereinbefore described with 
reference to me foregoing Examples. 30 

27. A process for the production of a gyp- 
sum composition by hardening an aqueous 
slurry according to any one of the preceding 
claims. 

28. A process according to claim 27, hi 35 
which said slurry is moulded prior to 
hardening. 

29. A gypsum composition when produced 
by a process according to claim 27 or claim 

28. 40 

30. Hie use of a gypsum composition 
according to claim 29 as a building material. 
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